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(57) ABSTRACT 

Cell cultures or tissue engineering supports, include at least a 
porous matrix based on a collagen sponge Which de?nes ?rst 
pores and a porous three-dimensional knit Which de?nes sec 
ond pores, the porous matrix ?lling the three-dimensional 
knit and all the ?rst and second pores being at least partially 
interconnected With one another. 

42 Claims, 6 Drawing Sheets 
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TISSUE ENGINEERING SUPPORT 

TECHNICAL FIELD 

The present disclosure relates to a collagen-based cell cul 
ture or tissue engineering support for culturing live cells. The 
support according to the present disclosure can also be used 
?rstly in vitro for culturing cells and then, secondly, can be 
implanted into the human body, for example as a Wall rein 
forcement implant that can be used, for example, in the treat 
ment of hernias or for the reconstruction of a Wall, for 
example a visceral Wall. 

BACKGROUND 

Tissue engineering supports are substrates capable of pro 
moting the culture of live cells. These supports are used, for 
example, in the ?elds of pharmacy and diagnosis, or altema 
tively for cell preparation steps. 

Collagen-based tissue engineering supports are knoWn. In 
fact, it is knoWn that collagen constitutes a particularly effec 
tive substrate for culturing live cells. 

HoWever, in order to effectively promote the culturing of 
the cells and the proliferation of the latter, it is particularly 
important for the structure of the support to have a porosity 
that is able to alloW the cells to invade virtually the entire 
volume formed by the support. 

Thus, there remains the need for an optionally bioresorb 
able tissue engineering support Which has a speci?c porosity 
that alloWs effective cell groWth. 

SUMMARY 

The present disclosure aims to remedy this need by pro 
viding a tissue engineering support that includes at least: 

an optionally bioresorbable porous matrix based on a col 
lagen sponge Which de?nes ?rst pores, 

an optionally bioresorbable porous three-dimensional knit 
Which de?nes second pores, 

the porous matrix ?lling the three-dimensional knit, and all 
the ?rst and second pores being at least partially inter 
connected With one another. 

The term “tissue engineering” is understood to mean the 
de?nition as given by the National Science Foundation (Lake 
Tahoe, USA, 1988), i.e. the application of the principles and 
of the methods of engineering and the life sciences aimed at i) 
understanding the relationships betWeen the structure and 
function of normal and pathological tissues, and ii) the devel 
opment of biological substitutes for restoring, maintaining or 
improving the functions. 
When considering tissue engineering in its broadest de? 

nition, these biological substitutes are obtained i) either by the 
in vitro culturing of supports/matrices With cells, ii) or by the 
implantation of supports/matrices Which Will generate a bio 
logical substitute in vivo, after tissue integration and cell 
colonisation of the supports/matrices. 

For the purpose of the present application, the term 
“porous” is intended to mean the characteristic according to 
Which a structure exhibits pores, or alternatively gaps, alveoli, 
holes or ori?ces, Which are open, Which may or may not be 
evenly distributed, and Which promote all cell colonisation. 

For the purpose of the present application, the term 
“sponge” is intended to mean a porous structure With pores 
Which may or may not be interconnected, obtained in particu 
lar by lyophiliZation of a solution or suspension. 

For the purpose of the present application, the term “col 
lagen” is intended to mean any knoWn collagen of porcine, 
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2 
bovine or human origin, for example natural collagen, esteri 
?ed collagen, for example methylated, ethylated or altema 
tively succinylated collagen, or one of its derivatives, Which 
may or may not be heated, Which may or may not be oxidiZed, 
or alternatively, for example, Which is crosslinked With 
another compound. 

For the purpose of the present application, the term “natu 
ral collagen” is intended to mean collagen Which has not been 
chemically modi?ed, other than a possible treatment With 
pepsin in order to digest the telomeric peptides. 

For the purpose of the present application, the term “three 
dimensional knit” is intended to mean an assembly or 
arrangement of mono?lament or multi?lament yarns, 
obtained by knitting and having a signi?cant thickness, in 
embodiments of greater than or equal to 0.5 mm. In embodi 
ments, the yarns of the three-dimensional knit are biocom 
patible. 

For the purpose of the present application, the term “inter 
connected pores” is intended to mean open pores Which are 
connected to one another and communicate With one another 
over the support as a Whole, Without partitioning, such that a 
cell that is in a pore can pass from one pore to the other, over 
the entire support, and can in theory circulate through all the 
pores of the support. For the purpose of the present applica 
tion, the expression “pores Which are at least partially inter 
connected” is intended to mean that certain pores, for 
example from 0. 1% to 80% of all the pores, may be closed and 
not communicate With the adjacent pores. Thus, the support 
according to the present disclosure may be such that all of its 
pores, i.e. the ?rst and the second pores, are all completely 
interconnected. In other embodiments of the present disclo 
sure, the support according to the present disclosure may be 
such that all of its pores, i.e. the ?rst and the second pores, are 
partially interconnected, i.e. certain pores are closed to com 
munication With the adjacent pores. 

For the purpose of the present application, the term “inter 
connectivity” is intended to mean the ability of the support to 
alloW any cell that is in a pore to circulate Within all the other 
pores of the support. Thus, in the case of complete intercon 
nectivity, all the pores of the support are accessible to any cell 
seeded onto the support. 
The support according to the present disclosure, in particu 

lar due to its speci?c porosity, Which permits at least an 
interconnectivity of all the ?rst and second pores, alloWs 
particularly e?icient culturing of live cells. Thus, the live cells 
seeded onto the supports according to the present disclosure 
exhibit good adhesion on these supports and a satisfactory 
rate of proliferation in these supports. Thus, a three-dimen 
sional colonisation of the supports according to the present 
disclosure by the live cells can be obtained Within days fol 
loWing seeding, for example in less than four days. Con?u 
ence of the live cells seeded onto the supports according to the 
present disclosure can be obtained Within tWo Weeks of cul 
turing folloWing seeding. Moreover, the phenotype of the 
cells cultured on the supports according to the present disclo 
sure is conserved during the culture period. The cells seeded 
onto the supports according to the present disclosure spread 
out and proliferate on the yarns of the three-dimensional knit 
and in the pores of the supports according to the present 
disclosure. 

Stem cells seeded onto the supports according to the 
present disclosure conserve their differentiation potential. 

In embodiments, the porous collagen sponge matrix is 
bioresorbable. 

In the present application, the term “bioresorbable” is 
intended to mean the characteristic according to Which a 
material is absorbed by the biological tissues and disappears 



US 8,l98,087 B2 
3 

in vivo after a given period, Which can range, for example, 
from one day to several months, depending on the chemical 
nature of the material. 

In one embodiment of the present disclosure, the three 
dimensional knit is bioresorbable. 

Thus, in particular When the porous matrix and the three 
dimensional knit of the support according to the present dis 
closure are bioresorbable, the support can constitute an 
implant. In the present application, the term “implant” is 
intended to mean a biocompatible medical device that can be 
implanted in the human or animal body. In particular, the 
support according to the present disclosure can constitute an 
implant in the form of a Wall reinforcement particularly suit 
able for the treatment of Wall defects, for example hernias, 
and for tissue reconstruction When a permanent reinforce 
ment is not necessary. In fact, due to its three-dimensional 
porous structure in Which all the pores are interconnected, the 
support according to the present disclosure promotes a 
gradual, controlled and homogeneous cell groWth. Thus, 
When the support according to the present disclosure is com 
pletely bioresorbable, the gradual degradation in vivo of the 
various elements constituting the support, and in particular of 
the collagen sponge, alloWs the pores that Were initially 
closed to open little by little. All the pores, the ?rst and the 
second pores, become completely interconnected after su?i 
cient partial degradation in vivo after implantation: the cells 
proliferate and regenerate the tissue at the site of the defective 
Wall. The more the regenerated tissue groWs, the more the 
mechanical strength of the support decreases, subsequent to 
its gradual degradation. In addition, the cells can freely colo 
nise all the sites of the support by virtue of the interconnec 
tivity of the pores of the sponge matrix and of the pores of the 
three-dimensional knit: thus, the cell groWth is evenly distrib 
uted over the entire support, leaving, once the support is 
completely resorbed, a neotissue reconstructed at the site 
Where the support Was initially implanted, i.e. at the site of the 
original tissue defect. 

In embodiments of the support of the present disclosure, 
the collagen is a mixture of at least one collagen Which under 
goes sloW bioresorption in vivo and at least one collagen 
Which undergoes rapid bioresorption in vivo. 

The expression “collagen Which undergoes sloW biore 
sorption or bio-degradation in vivo” is intended to mean a 
collagen that can be completely bioresorbed or degraded in 
vivo, i.e. Within the human body, according to an adaptable 
and controllable time period ranging from approximately 3 
months to 12 months. The expression “collagen Which under 
goes rapid bioresorption or biodegradation in vivo” is 
intended to mean a collagen Which can be completely biore 
sorbed or degraded in vivo, i.e. Within the human body, 
according to an adaptable and controllable time period rang 
ing from approximately 1 Week to 8 Weeks. 

In such an embodiment of the present disclosure, the col 
lagen sponge matrix exhibits, once implanted, tWo-speed 
resorption kinetics, With a part of its structure Which resorbs 
more rapidly than the other part. Such an embodiment thus 
makes it possible to create, in vivo, in a gradual and controlled 
manner, neW pores that are interconnected With the already 
existing pores, that the patient’s cells Will coloniZe little by 
little as the part made of collagen Which undergoes rapid 
bioresorption is degraded. The cell groWth Will thus gradually 
take place homogeneously in vivo. Such an embodiment also 
makes it possible to increase, over time, the interconnectivity 
of the support according to the present disclosure When it is 
used as an implant and thus improve the tissue integration of 
the support. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
The collagen Which undergoes sloW bioresorption in vivo 

can be chosen from natural collagen, esteri?ed collagen, 
Which may or may not be heated, and mixtures thereof, and 
more particularly chosen from glutaraldehyde-crosslinked 
collagen, bifunctional or trifunctional glycidyl ethers, carbo 
diimides, acyl aZides, divinylsulphone and mixtures thereof. 
It may also be obtained by crosslinking the collagen by means 
of physical methods such as photooxidation. 
The collagen Which undergoes rapid bioresorption in vivo 

may be chosen from natural collagen, esteri?ed collagen, 
Which may or may not be heated, and mixtures thereof, and 
more particularly chosen from oxidiZed collagen, glutaralde 
hyde-crosslinked collagen, bifunctional or trifunctional gly 
cidyl ethers, carbodiimides, acyl aZides, divinylsulphone, 
collagen crosslinked by UV irradiation or by heat treatment, 
and mixtures thereof. 

In embodiments of the present disclosure, the collagen 
forming the sponge is a mixture of oxidiZed collagen and 
glutaraldehyde-crosslinked collagen. It is knoWn that oxi 
diZed collagen degrades in vivo and is bioresorbed in a feW 
Weeks, Whereas glutaraldehyde-crosslinked collagen biore 
sorbs in several months. 

In embodiments of the present disclosure, the three-dimen 
sional knit includes only mono?lament and/or multi?lament 
yarns made of bioresorbable material Which has an in vivo 
degradation time ranging from approximately 3 months to 2 
years. 

In embodiments of the support of the present disclosure, 
the bioresorbable material may be chosen from poly(lactic 
acid) (PLA), poly(glycolic acid) (PGA), oxidiZed cellulose, 
polycaprolactone (PCL), polydiaxanone (PDO), trimethyl 
ene carbonate (TMC), polyvinyl alcohol (PVA), polyhy 
droxyalkanoates (PHAs), polyamides, polyethers, copoly 
mers thereof and mixtures thereof. 

In embodiments of the support of the present disclosure, 
the second pores have an average diameter ranging from 1 to 
5 mm. 

In embodiments of the support of the present disclosure, 
the knit has a tWo-dimensional porosity of less than or equal 
to 20%. 

For the purpose of the present application, the term “tWo 
dimensional porosity” is intended to mean a porosity calcu 
lated from tWo-dimensional images corresponding to vieWs 
from above the support according to the present disclosure, 
these images then being processed by softWare Which analy 
ses them, for instance the Image J softWare. 

In embodiments of the present disclosure, the knit has a 
three-dimensional porosity of greater than or equal to 90%. 

For the purpose of the present application, the term “three 
dimensional porosity” is intended to mean a porosity mea 
sured in the folloWing Way: the dimensions, i.e. length, Width 
and thickness, of the knit, taken alone, are measured; more 
over, the density of the yarns used to knit this knit are knoWn. 
The knit is Weighed. By means of a simple subtraction, the 
volume occupied by the empty spaces Within the knit is 
deduced therefrom. The three-dimensional porosity over the 
entire knit is determined as being the percentage of empty 
volume relative to the total volume of the knit. 

Thus, the knit of the support according to the present dis 
closure may advantageously have both a tWo-dimensional 
porosity of less than or equal to 20% and a three-dimensional 
porosity of greater than or equal to 90%. The combination of 
these porosity values, Which may appear to be paradoxical, 
makes it possible in particular to obtain, With the sponge 
forming the matrix of the support according to the present 
disclosure, an interconnectivity for excellent cell prolifera 
tion. Thus, When the support according to the present disclo 
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sure is manufactured, the collagen forming the sponge of the 
support matrix has, by virtue of the high three-dimensional 
porosity of the knit of the support according to the present 
disclosure, a direct access Within the three-dimensional struc 
ture and therefore the pores of the knit. 

The applicant has also noted that such a dimensional poros 
ity of the three-dimensional knit contributes to forming inter 
connected pores in the collagen sponge, in all the dimensions 
of the sponge. Thus, the degree of interconnectivity of the 
pores of the collagen sponge, i.e. of the ?rst pores, can also be 
controlled, to a certain extent, by the tWo-dimensional poros 
ity of the three-dimensional knit, Which can be made to vary 
betWeen 0 and 20%. 

In embodiments of the support of the present disclosure, 
the three-dimensional knit has a thickness ranging from 
approximately 2 mm to 6 mm, in embodiments ranging from 
2 mm to 4 mm. 

In embodiments of the present disclosure, the three-dimen 
sional knit includes a ?rst face and a second face, the ?rst face 
and the second face being opposite and separated from one 
another by the thickness of the knit, the ?rst face and the 
second face being connected to one another by a spacer made 
of mono?lament yarns, multi?lament yarns or a combination 
of mono?lament yarns and multi?lament yarns. 

In the present disclosure, the term “spacer” is intended to 
mean the sheet(s) of yarns Which connect(s) the tWo faces of 
a three-dimensional fabric to one another, thus constituting 
the thickness of such a knit. 

Such an embodiment of the knit of the support according to 
the present disclosure, With spacer yarns connecting a ?rst 
face of the knit to a second face of the knit, contributes to 
reinforcing the interconnectivity of the pores, and in particu 
lar of the ?rst pores, throughout the thickness of the collagen 
sponge, included in the three-dimensional knit. The intercon 
nectivity of these pores can also be controlled, to a certain 
extent, by the density of the spacer yarns and their distribution 
betWeen the tWo faces of the three-dimensional knit. 

In embodiments of the present disclosure, the spacer is 
made of mono?lament yarns. 

Such an embodiment of the knit of the support according to 
the present disclosure, With the spacer made of mono?lament 
yarns, makes it possible to confer excellent mechanical 
strength on the knit and thus the support according to the 
present disclosure. In particular, during the optional step of 
thermosetting the knit, the latter keeps its mechanical prop 
erties intact. The support can thus be handled extremely eas 
ily. It is thus particularly suitable for use as a tissue engineer 
ing support for culturing cells in vitro. 

Furthermore, When the support according to the present 
disclosure is used as an implant, it effectively performs its 
Wall reinforcement functions throughout the entire period 
required for complete cell colonisation in order to regenerate 
the tissue at the site of the original tissue defect and in the 
three-dimensional space provided by the knit. 

The ?rst and second faces of the knit can be made of 
mono?lament yarns, multi?lament yarns or a combination of 
mono?lament and multi?lament yarns. 

The mono?lament or multi?lament yarns used to prepare 
the ?rst and second faces and the spacer of the three-dimen 
sional knit of the support according to the present disclosure 
can be chosen from yarns made of material Which undergoes 
sloW bioresorption, yarns made of material Which undergoes 
rapid bioresorption, and mixtures thereof. 

The expression “yarn made of material Which undergoes 
sloW bioresorption” is intended to mean yarn obtained from a 
material that can be completely bioresorbed or degraded in 
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6 
vivo, i.e. Within the human body, according to an adaptable 
and controllable period of time ranging from approximately 6 
months to 2 years. 
As an example of a yarn made of material Which undergoes 

sloW bioresorption, mention may be made of poly(lactic acid) 
yarns. 
The expression “yam made of material Which undergoes 

rapid bioresorption” is intended to mean a yarn obtained from 
a material that can be completely bioresorbed or degraded in 
vivo, i.e. Within the human body, according to an adaptable 
and controllable period of time ranging from approximately 1 
Week to 6 months. 
As examples of yarns made of material Which undergoes 

rapid bioresorption, mention may be made of poly(glycolic 
acid) yarns, oxidiZed cellulose yarns, poly(lactic acid) yarns 
partially degraded by a treatment such as repeat cycles of 
gamma-irradiation at doses of greater than or equal to 25 kGy, 
and mixtures thereof. 

In embodiments of the present disclosure, the mono?la 
ment yarns Which make up the spacer can include only yarns 
made of material Which undergoes sloW bioresoprtion, for 
example of poly(lactic acid). The ?rst and second faces can 
also be made of a mixture of multi?lament yarns made of 
material Which undergoes sloW bioresorption, for instance 
poly(lactic acid), and of multi?lament yarns made of material 
Which undergoes rapid bioresorption, for instance of poly 
(glycolic acid) or oxidiZed cellulose. 

In other embodiments of the support according to the 
present disclosure, the mono?lament yarns Which make up 
the spacer can, for example, include a mixture of yarns Which 
undergo sloW bioresorption and yarns Which undergo rapid 
bioresorption. The ?rst and second faces can be made of a 
mixture of multi?lament yarns made of material Which 
undergoes sloW bioresorption, for example poly(lactic acid) 
and of multi?lament yarns made of material Which undergoes 
rapid bioresorption, for instance of poly(glycolic acid) or 
oxidiZed cellulose. 

In embodiments of the support according to the present 
disclosure, the knit is isoelastic. 

For the purpose of the present application, the term 
“isoelastic knit” is intended to mean a knit Which has isotropic 
elastic mechanical properties, i.e. substantially equivalent in 
all directions. 

In embodiments, the ratio of respective extensions in the 
Warp direction and in the Weft direction is betWeen 0.4 and 
2.5, at a physiological force of for example 50N for abdomi 
nal Wall repair. 

It has been found, that such an isoelastic knit alloWs excel 
lent reinforcement of visceral Walls: speci?cally, the knit is 
deformed and extended in a more homogeneous manner, thus 
limiting the risk of Wall or hernia rupture. 

In embodiments of the support of the present disclosure, at 
least a part of the yarns constituting the three-dimensional 
knit are coated With a bioresorbable coating. For example, the 
coating can be chosen from collagen, chitosan, polysaccha 
rides or mixtures thereof. Such a yarn coating makes it pos 
sible in particular to eliminate any possible crevice Within the 
knit of the support according to the present disclosure, for 
example Where the yarns cross. 

In embodiments of the present disclosure, the support also 
includes one or more active compounds chosen from antisep 
tics, anti-in?ammatories, groWth factors, polysaccharides 
such as fucans, extracellular matrix proteins such as ?bronec 
tin, laminin, elastin, glycosaminoglycans or proteoglycans, 
and mixtures thereof. 

In embodiments of the present disclosure, the support also 
includes a bioresorbable ?lm on at least one of its faces. The 
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?lm can include at least collagen. The ?lm can, for example, 
include oxidized collagen, polyethylene glycol and glycerol. 
Such a ?lm can advantageously have a smooth anti-adhesive 
surface. 

In embodiments of the present disclosure, the support is 
seeded With live cells. The speci?c porosity provided by the 
structure of the support according to the present disclosure 
promotes cell proliferation. 

The cells may be chosen from the folloWing cells, alone or 
in any possible combinations thereof: striated muscle cells, 
smooth muscle cells, endothelial cells, epithelial cells, 
mesothelial cells, monocytes, ?broblasts, myo?broblasts, 
and stem cells of each of the above cell types. 

In embodiments of the present disclosure, the support is 
seeded With smooth muscle cells. 

In other embodiments, the support according to the present 
disclosure is seeded With urothelial cells. 

In embodiments of the support according to the present 
disclosure, the collagen sponge is seeded With muscle-type 
cells and the bioresorbable ?lm is seeded With endothelial or 
epithelial cells. When such a support according to the present 
disclosure is then used as an implant and is implanted in vivo, 
the presence of the endothelial or epithelial cells on the sup 
por‘t/ implant makes it possible to accelerate, in vivo, the for 
mation of a neW endothelium or epithelium. 

Alternatively, the collagen sponge is seeded With striated 
muscle cells and the bioresorbable ?lm is seeded With 
mesothelial cells. Such a support, When it is then used as an 
implant and is implanted in vivo, participates in an effective 
reconstruction of an abdominal Wall. 

In yet other embodiments of the support according to the 
present disclosure, the collagen sponge is seeded With smooth 
muscle cells and the bioresorbable ?lm is seeded With urothe 
lial cells. Such a support, When it is then used as an implant 
and is implanted in vivo, participates in an effective recon 
struction of a bladder Wall. 
The present disclosure also relates to the use of a support as 

described above, for culturing live cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The embodiments of the present disclosure Will be 
described more clearly by means of the description Which 
folloWs and the attached draWings in Which: 

FIGS. 1 to 2B represent patterns of knits suitable for the 
support according to embodiments of the present disclosure, 

FIGS. 3 and 4 represent scanning electron microscopy 
images (Hitachi S800 scanning electron microscope With 
image acquisition and analysis system) of a knit of a support 
according to the present disclosure, made With multi?lament 
spacer yarns, respectively from the front and from the side, 

FIG. 5 represents a scanning electron microscopy image 
(Hitachi S800 scanning electron microscope With image 
acquisition and analysis system) of a knit of a support accord 
ing to the embodiments of the present disclosure, made With 
mono?lament spacer yarns, 

FIG. 6 is a scanning electron microscopy image (Hitachi 
S800 scanning electron microscope With image acquisition 
and analysis system) of the coated knit suitable for a support 
according to the present disclosure, 

FIG. 7 is a rear vieW of an electron microscopy image 
(Hitachi S800 scanning electron microscope With image 
acquisition and analysis system) of a support according to the 
present disclosure, the three-dimensional knit being ?lled 
With the collagen matrix, 

FIG. 8 is a rear vieW of an electron microscopy image 
(Hitachi S800 scanning electron microscope With image 
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8 
acquisition and analysis system) of a support according to the 
present disclosure, at a higher magni?cation than for FIG. 7, 
the three-dimensional knit being ?lled With the collagen 
matrix, 

FIG. 9 is a vieW of an electron microscopy image (Hitachi 
S800 scanning electron microscope With image acquisition 
and analysis system) of a support according to the present 
disclosure coated With a collagen ?lm. 

DETAILED DESCRIPTION 

Supports according to the present disclosure include a 
porous matrix, Which can advantageously be bioresorbable, 
based on a collagen sponge Which de?nes ?rst pores. Such a 
sponge may be obtained by lyophiliZation of a collagen sus 
pension. The sponge obtained has pores, or gaps, alveoli, 
holes or ori?ces, Which may or may not be evenly distributed, 
and Which are more or less interconnected, according to the 
lyophiliZation process used. Such lyophiliZation processes 
are knoWn. It is knoWn practice to vary the temperature and 
the rate of freeZing and also the characteristics of the collagen 
solution or suspension to be lyophiliZed (pH, concentration, 
etc.) according to the structure of the sponge that it is desired 
to obtain (see US. Pat. No. 4,970,298; Doillon et al, J Biomed 
Mater Res, 1986; Schoof, J Biomed Mater Res, 2001; 
O’Brien et al, Biomaterials, 2004). 

In embodiments of the support according to the present 
disclosure, the ?rst pores, de?ned by the sponge, are homo 
geneously distributed Within the matrix. These ?rst pores can, 
for example, have an average diameter ranging from 50 to 500 
um. These ?rst pores, de?ned Within the sponge taken alone, 
in the absence of the knit of the support according to the 
present disclosure, may or may not be interconnected With 
one another. 

A suitable collagen sponge of the matrix of the support 
according to the present disclosure may be obtained from a 
mixture of at least one collagen Which undergoes sloW biore 
sorption in vivo and at least one collagen Which undergoes 
rapid bioresorption in vivo. 
The collagen Which undergoes sloW bioresorption in vivo 

can be chosen from any collagen, Which is pure or derived, 
Which may or may not be heated, and Which may or may not 
be oxidiZed, having a bioresorption or biodegradation time of 
betWeen 3 and 12 months. For example, the collagen Which 
undergoes sloW bioresorption in vivo can be chosen from 
glutaraldehyde-crosslinked collagen, bifunctional or trifunc 
tional glycidyl ethers, carbodiimides, acyl aZides, divinylsul 
phone and mixtures thereof. It can also be obtained by 
crosslinking the collagen by means of physical methods such 
as photooxidation. 

In embodiments of the present disclosure, glutaraldehyde 
crosslinked collagen is used as collagen Which undergoes 
sloW bioresorption in vivo. Such a collagen can, for example, 
be obtained by incubation of a solution of collagen neutral 
iZed With a solution of glutaraldehyde, removal of excess 
glutaraldehyde and neutralization so as to obtain a glutaral 
dehyde-crosslinked collagen precipitate. 
The collagen Which undergoes rapid bioresorption in vivo 

can be chosen from any collagen, Which is pure or derived, 
Which may or may not be heated, and Which may or may not 
be oxidiZed, having a bioresorption or biodegradation time of 
betWeen one day and 3 months, in embodiments betWeen one 
day and 8 days. For example, the collagen Which undergoes 
rapid bioresorption in vivo can be chosen from oxidiZed col 
lagen, glutaraldehyde-crosslinked collagen, bifunctional or 
trifunctional glycidyl ethers, carbodiimides, acyl aZides, divi 
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nylsulphone, collagen crosslinked by UV-beta- or gamma 
irradiation or by heat treatment, and mixtures thereof. 

In embodiments of the present disclosure, oxidized col 
lagen, for example oxidiZed With periodic acid, is used as 
collagen Which undergoes rapid bioresorption in vivo. 
Examples of preparation of oxidiZed collagen suitable for the 
present disclosure are described in US. Pat. No. 6,596,304. 

The collagen used may also be porcine collagen type I, 
extracted from porcine dermis by solubiliZation at acidic pH 
or by digestion With pepsin, and puri?ed by saline precipita 
tions according to knoWn techniques. 

Dry collagen ?bres, obtained by precipitation of an acidic 
solution of collagen by adding NaCl, and then Washing and 
drying of the precipitate obtained With aqueous solutions of 
acetone having an increasing concentration of from 80% to 
100%, can be used. 

Alternatively, bovine or human collagens I or III, or a 
mixture thereof in any proportions, can be used. 

In the case of human collagens of placental origin, they can 
be prepared by extraction With pepsin according to the 
method described in application EP-AO 214 035. The prod 
ucts sold by the company Inamed Corporation (a Wholly 
oWned subsidiary of Allergan, Inc., Irvine, Calif.), under the 
names VITROGEN® or ZYDERM®, may also be suitable 
for use in embodiments of the present disclosure. 

In one embodiment of the present disclosure, the collagen 
Which forms the sponge is a mixture of oxidiZed collagen and 
glutaraldehyde-crosslinked collagen. Thus, a suspension 
including the oxidiZed collagen and the glutaraldehyde 
crosslinked collagen is prepared. The suspension can include 
the tWo collagens in equal concentrations or, on the other 
hand, predominantly one of the tWo collagens and a minor 
amount of the other. The ratio of the concentration of one of 
the tWo types of collagen to the other may be betWeen 1 and 
5. 

Supports according to the present disclosure also include a 
porous, optionally bioresorbable, three-dimensional knit 
Which de?nes second pores. This knit can include only 
mono?lament and/or multi?lament yarns, Which may be 
made of bioresorbable material. By Way of example, the 
multi?lament yarns can have a count ranging from 50 to 110 
dtex. Also by Way of example, the mono?lament yarns can 
have a diameter ranging from 0.10 to 0.18 mm. In embodi 
ments, the yarns constituting the knit of the support according 
to the present disclosure have an in vivo resorption or degra 
dation time ranging from approximately 3 months to 2 years. 

Thus, the bioresorbable material that can constitute the 
yarns of the knit of a support according to the present disclo 
sure may be chosen from poly(lactic acid) (PLA), poly(gly 
colic acid) (PGA), oxidiZed cellulose, polycaprolactone 
(PCL), polydioxanone (PDO), trimethylene carbonate 
(TMC), polyvinyl alcohol (PVA), polyhydroxyalkanoates 
(PHAs), polyamides, polyethers, copolymers thereof and 
mixtures thereof. 

In embodiments of the present disclosure, the three-dimen 
sional knit includes a ?rst face and a second face, opposite and 
separated from one another by the thickness of the knit. The 
?rst and second faces may be connected to one another by a 
spacer. For example, the spacer may be a sheet of linker yarns. 
Each face can include one or more sheets of yarns. The yarns 
constituting each of the tWo faces and the spacer may be 
identical or different. 

In embodiments of the present disclosure, the ?rst and 
second faces of the knit are identical. For example, each face 
is made of tWo sheets of yarns. In embodiments, the yarns 
constituting the tWo faces of the knit are made of multi?la 
ment yarns of poly(lactic acid). Such yarns resorb completely 
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in vivo in the space of 6 months to 2 years. Yarns suitable for 
producing the tWo faces of the knit of the support according to 
the present disclosure are, for example, 84 dtex poly(lactic 
acid) multi?lament yarns With 24 ?laments per yarn, each 
?lament having a diameter of approximately 18 um. Altema 
tively, 83.3 dtex poly(glycolic acid) multi?lament yarns With 
30 ?laments per yarn can also be used. 

In embodiments of the present disclosure, the yarns con 
stituting the spacer are mono?lament yarns. Such an embodi 
ment makes it possible to confer on the knit a better mechani 
cal strength and a better resistance to thermosetting When the 
knit is thermoset after the knitting phase. In embodiments, the 
spacer is made of mono?lament yarns of poly(lactic acid). 
Yarns suitable for preparing the spacer of the knit of implants 
according to the present disclosure are, for example, 220 dtex 
poly(lactic acid) mono?lament yarns, the mono?lament hav 
ing a diameter of approximately 150 um. 

Examples of a knit suitable for a support according to the 
present disclosure are described in document EP 0 999 805. 
The knit of the support according to the present disclosure can 
be produced on a knitting machine of the Raschel type, for 
example using 5 or 6 bars. 

Examples of a pattern suitable for the knit of a support 
according to the present disclosure are shoWn in FIGS. 1 and 
2. 

In these ?gures, the references B1-B6 represent the bars 1 
to 6. 
The ?rst face can, for example, be produced With bars 1 and 

2. The second face can be produced in the same Way, With bars 
5 and 6. 
The spacer can be produced With bar 3 (cf. FIG. 1) or bars 

3 and 4 (FIGS. 2A and 2B). 
A knit of the support according to the present disclosure 

de?nes second pores, or alveoli, gaps, holes or ori?ces. These 
second pores can advantageously have an average diameter or 
an average volume ranging from 1 to 5 mm. These second 
pores are completely interconnected With one another. Thus, 
the second pores created by the knitting at each face of the knit 
are connected, via the yarns of the spacer, With the second 
pores created by the knitting at the spacer. Thus, all the second 
pores and/ or gaps, for instance channels, created by the knit 
ting at each face of the knit and in the thickness of the knit are 
open, connected to one another and communicate With one 
another: for example, it is possible for the cell colonization to 
extend from one pore to the other, over the entire knit of a 
support according to the present disclosure. 
The second pores of the knit of a support according to the 

present disclosure de?ne, for the knit, a tWo-dimensional 
porosity and a three-dimensional porosity. 

In the present application, the tWo-dimensional porosity is 
calculated from tWo-dimensional images corresponding to 
vieWs from above the support according to the present dis 
closure, these images thenbeing processed by softWare Which 
analyses them, for instance the Image J softWare. For 
example, for a measurement, the density of the knit Was 
determined using a Nikon SMZ 800 binocular microscope 
With a Nikon DN100 digital camera used in combination With 
a PC computer. The digital images seen from above the knit 
Were multiplied by a factor of 20 and Were then processed by 
the Image J softWare in order to determine the density of the 
knit. Once the digital image is captured by the softWare, it is 
processed such that the surface area corresponding to the 
empty spaces in the knit is subtracted from the total surface 
area of the image. The tWo-dimensional porosity is deter 
mined as being the percentage corresponding to the rest of the 
digital image. 
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In embodiments, the knit of the support according to the 
present disclosure has a tWo-dimensional porosity, measured 
as indicated above, of less than or equal to 20%. 

In the present application, the three-dimensional porosity 
is calculated as folloWs: the dimensions, i.e. length, Width and 
thickness of the knit, taken alone, are measured; moreover, 
the density of the yarns used to knit this knit is knoWn. The 
knit is Weighed. The volume occupied by the empty spaces 
Within the knit is deduced therefrom by simple subtraction. 
The three-dimensional porosity over the knit as a Whole is 
determined as being the percentage of empty volume relative 
to the total volume of the knit. 

In embodiments, the knit of the support according to the 
present disclosure has a three-dimensional porosity, mea 
sured as indicated above, of greater than or equal to 90%. 

Thus, in embodiments, the knit of the support according to 
the present disclosure has both a tWo-dimensional porosity of 
less than or equal to 20% and a three-dimensional porosity of 
greater than or equal to 90%. In fact, during the manufacture 
of a support according to the present disclosure, the collagen 
forming the sponge of the matrix of the support has, by virtue 
of the high three-dimensional porosity of the knit of the 
support, a direct access Within the three-dimensional struc 
ture and therefore the pores of the knit. Thus, during the 
manufacture of the support, and in particular during the lyo 
philiZation for obtaining the sponge in Which the knit is 
embedded, as Will be explained beloW, the high porosity of the 
knit makes it possible to make all the pores, i.e. the ?rst pores 
due to the sponge and the second pores of the knit, at least 
partially interconnected With one another. 

In embodiments of a support of the present disclosure, the 
three-dimensional knit has a thickness ranging from approxi 
mately 2 mm to 6 mm, in embodiments ranging from 2 mm to 
4 mm. 

In embodiments of the present disclosure, the knit is 
isoelastic, i.e. it has isotropic elastic mechanical properties, 
i.e. substantially equivalent in all directions. 

Thus, in embodiments, the knit of the support according to 
the present disclosure may have a mechanical strength in the 
longitudinal direction, i.e. in the direction of the Warp of the 
knit, measured according to ISO standard 13934-1 (proper 
ties of substances in tensile testing), ranging from 50 to 300 
N. In embodiments, the knit of the support according to the 
present disclosure has a mechanical strength in the transverse 
direction, i.e. in the direction of the Weft of the knit, measured 
according to ISO standard 13934-1, ranging from 50 to 300 
N. 

In embodiments, the knit of the support according to the 
present disclosure has a mechanical strength in the longitu 
dinal direction, i.e. in the direction of the Warp of the knit, 
measured according to ISO standard 13934-1, ranging from 
100 to 250 N. In embodiments, the knit of the support accord 
ing to the present disclosure has a mechanical strength in the 
transverse direction, i.e. in the direction of the Weft of the knit, 
measured according to ISO standard 13934-1, ranging from 
75 to 200 N. 

In embodiments, the knit of the support according to the 
present disclosure has an elongation at 50N in the longitudi 
nal direction, i.e. in the direction of the Warp of the knit, 
measured according to ISO standard ISO 13934-1, ranging 
from 10% to 50%. In embodiments, the knit of the support 
according to the present disclosure has an elongation at 50N 
in the transverse direction, i.e. in the direction of the Weft of 
the knit, measured according to ISO standard 13934-1, rang 
ing from 10% to 50%. 

In embodiments, at least part of the yarns constituting the 
knit are covered With a bioresorbable coating. The bioresorb 
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able coating can be chosen from oxidiZed collagen, glutaral 
dehyde-crosslinked collagen, bifunctional or trifunctional 
glycidyl ethers, carbodiimides, acyl aZides, divinylsulphone, 
collagen crosslinked by UV-, beta- or gamma-irradiation or 
by heat treatment, and mixtures thereof. The assembly of 
yarns constituting the knit can be covered With such a coating. 
For example, the coating is made of collagen. In particular, a 
collagen chosen from oxidiZed collagen, glutaraldehyde 
crosslinked collagen and mixtures thereof can be used for 
such a coating. 

In embodiments, the yarns of the knit are covered, at least 
in part by coating the knit in a solution or suspension of 
collagen, in one step or in several steps. A coating step 
includes the actual coating of the knit With the collagen and 
the drying of the knit. The collagen deposited on the yarns can 
be crosslinked With glutaraldehyde after each application, as 
many times as the total number of coating cycles. In embodi 
ments, the yarns are covered by carrying out tWo or three 
successive coating cycles. 

In other embodiments, the bioresorbable coating can be 
chosen from polysaccharides including hyaluronic acid, alg 
inic acid, polyglucuronic acid, chitosan, starch, soluble cel 
lulose derivatives and mixtures thereof. 

In other embodiments, before it is coated With a bioresorb 
able coating as described above, the knit according to the 
present disclosure can be subjected to a surface treatment in 
order to render it more hydrophilic and thus promote the 
deposition of the collagen and/or the polysaccharides men 
tioned above on the knit. 
The surface treatment can be carried out according to any 

process knoWn to those skilled in the art. 
In order to produce the support according to the present 

disclosure, the knit as described above is knitted, beforehand, 
on a knitting machine. This knit is may advantageously be 
thermoset, for example by being placed in an oven at from 
100 to 2000 C., for 30 s to 5 minutes, depending on the 
chemical nature of the yarns used. The knit is then cut to the 
siZes desired for the support. The thermosetting can also be 
carried out after the knit has been cut up. 
A suspension containing the collagen intended to form the 

sponge of the matrix is then prepared. For example, this 
suspension may include a mixture of collagen Which under 
goes rapid resorption and collagen Which undergoes sloW 
resorption. The collagen suspension is then poured over the 
three-dimensional knit so as to completely cover it. The 
Whole is then lyophiliZed, for example according to the fol 
loWing method: freeZing is carried out as rapidly as possible, 
by decreasing the temperature of the product from 80 C. to 
—45° C., generally in less than 2 hours. Primary desiccation is 
initiated at —45° C., at a pressure of from 0.1 to 0.5 mbar. 
During this step, the temperature is gradually increased, With 
successive slopes and plateaux, to +300 C. The lyophiliZation 
ends With secondary desiccation, at +300 C., for 1 to 24 hours. 
The vacuum at the end of secondary desiccation, in embodi 
ments, is betWeen 0.005 and 0.2 mbar. The total lyophiliZa 
tion time is from 18 to 72 hours. 
The lyophiliZation makes it possible to obtain a support in 

Which all the pores, i.e. the ?rst pores, formed With the 
sponge, and the second pores, i.e. those of the three-dimen 
sional knit present prior to the lyophiliZation, are at least 
partially interconnected. 

Supports according to the present disclosure can also be 
coated, on at least one of its faces, With a bioresorbable ?lm. 

Such a ?lm may be a collagen ?lm. In embodiments of the 
present disclosure, such a ?lm includes oxidiZed collagen, 
polyethylene glycol and glycerol. 
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This bioresorbable ?lm can be applied to one face of a 
support according to the present disclosure in the following 
Way: a solution, for example of oxidized collagen, polyeth 
ylene glycol and glycerol, is prepared and then spread out in 
order to form a thin sheet on a hydrophobic ?at structure, for 
example on a structure of polyvinyl chloride or polystyrene. 
The face of the support to be coated can then be applied 
carefully to the collagen gel. After exposure to ambient tem 
perature and evaporation, a ?lm Which coats one face of the 
support is obtained. It is also possible to coat the tWo faces of 
the support With such a ?lm. In embodiments this ?lm resorbs 
rapidly in vivo, for example in less than 8 days. 

Supports according to the present disclosure can be used in 
vitro as a tissue engineering support for cell culture. Thus, it 
is possible to seed a support according to the present disclo 
sure With live cells. Such live cells, cultured Within the sup 
port according to the present disclosure, can secrete groWth 
factors and extracellular matrix, Which can have an important 
role in the repair and/or strengthening of soft tissues. Thus, it 
is possible to provide a support according to the present 
disclosure, in vitro, With cells that promote tissue repair, and 
then to subsequently implant the support into the Wall of the 
soft tissue to be strengthened. The repair is thus accelerated in 
vivo due to the presence of cells and/or of extracellular matrix 
promoting regeneration as soon as the support is implanted. 

Supports according to the present disclosure can be seeded 
With cells chosen from the folloWing cells, alone or in any 
possible combinations thereof: striated muscle cells, smooth 
muscle cells, endothelial cells, epithelial cells, mesothelial 
cells, monocytes, ?broblasts, myo?broblasts, and stem cells 
of each of the above cell types. 

For example, it is possible to seed the support described 
above With striated or smooth muscle cells, With their pro 
genitors, and ?broblasts, in order to obtain effective Wall 
repair. 

Moreover, it is also possible to use a support as described 
above, one face of Which is coated With a bioresorbable ?lm: 
for example, muscle-type cells can be cultured Within the 
sponge of the matrix of the support, While endothelial or 
epithelial cells are cultured on the bioresorbable ?lm. These 
endothelial or epithelial cells, after implantation of the sup 
port, make it possible to accelerate the formation of a neW 
endothelium or epithelium in vivo. 

Similarly, it is possible to carry out effective reconstruction 
of an abdominal Wall by seeding, before implantation, a sup 
port according to the present disclosure With mesothelial cells 
on the ?lm and With striated muscle cells in the sponge. 

Similarly, it is possible to carry out effective reconstruction 
of a bladder Wall by seeding, before implantation, a support 
according to the present disclosure With urothelial cells on the 
?lm and With smooth muscle cells in the sponge. 

The present disclosure also relates to a method for repair 
ing a Wall defect, by implanting a support as described above 
at the site of the Wall defect. 

The non-limiting examples Which folloW illustrate 
embodiments in accordance With the present disclosure. 

Example 1 

Preparation of a Knit for the Support 

A three-dimensional knit is produced on a double needle 
bar Raschel knitting machine, With 5 guide bars. Each of the 
faces of the knit, i.e. the ?rst face and the second face, is 
produced With tWo guide bars. With reference to FIG. 1, the 
?rst face is produced With bars B1 and B2, and the second, 
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opposite, face is produced With bars B5 and B6, each bar 
being threaded one full, one empty, With the folloWing respec 
tive charts: 

Bar B1: 1-0-1-1/1-2-2-2/2-3-2-2/2-1-2-2/2-3-2-2/2-1-2-2/ 
2-3-2-2/2-1-1-1/1-0-1-1/1-2-1-1/1-0-1-1/1-2-1-1//. 

Bar B2: 2-3-2-2/2-1-1-1/1-0-1-1/1-2-1-1/1-0-1-1/1-2-1-1/ 
1-0-1-1/1-2-2-2/2-3-2-2/2-1-2-2/2-3-2-2/2-1-2-2//. 
Bar B5: 2-2-2-1/1-1-1-0/1-1-1-2/1-1-1-0/1-1-1-2/1-1-1-0/ 

1-1-1-2/2-2-2-3/2-2-2-1/2-2-2-3/2-2-2-1/2-2-2-3//. 
Bar B6: 1-1-1-2/2-2-2-3/2-2-2-1/2-2-2-3/2-2-2-1/2-2-2-3/ 

2-2-2-1/1-1-1-0/1-1-1-2/1-1-1-0/1-1-1-2/1-1-1-0//. 
The pattern corresponding to bars 1, 2, 5 and 6 is repro 

duced in FIG. 1. Such threading and such a pattern result in 
porous faces. It is possible to adapt the pattern so as to have 
alveoli or pores on each face, opposite one another or shifted 
With respect to one another, in order to make the three-dimen 
sional knit more or less transparent. 

Bars B1-B2 and B5-B6 Which produce the ?rst and second 
faces of the knit are threaded With 83.3 */24° multi?lament 
yarns (decitex count: 83.3 g per 10 000 m of yarn) of poly 
(lactic acid). The ?lament diameter of the multi?lament yarns 
is approximately 18 um. 

FIG. 3 represents a scanning electron microscopy image of 
one face of such a knit. 

With reference to FIG. 1, the spacer is produced using bar 
B3, threaded one full, one empty, according to the folloWing 
chart: 

Bar B3: 0-0-0-0/0-0-0-0/0-1-0-1/1-1-1-1/1-1-1-1/1-0-1-0/ 
1-1-1-1/1-1-1-1/1-0-1-0/0-0-0-0/0-0-0-0/0-1-0-1//. 
Bar B3 is threaded With 83.3 */24° multi?lament yarns 

(decitex count: 83.3 g per 10 000 m of yarn) of poly(lactic 
acid). 
The pattern used for the knitting is reproduced in FIG. 1. 
FIG. 4 represents a scanning electron microscopy image of 

the spacer of such a knit. 
The knit is cleaned With methanol-ether and is steriliZed by 

gamma-irradiation. 
The knit is thermoset by placing it in an oven at approxi 

mately 90° C. for 1 to 5 min. 
Such a knit has the folloWing properties, measured as indi 

cated in the present application: 
Weight per surface area (g/m2): 165 
Pore siZe: 2.1 mm><1 mm 
Thickness: 2.6 mm 
Three-dimensional porosity: 95% 
TWo-dimensional porosity: 4% 
This knit is isoelastic. In particular, it has the folloWing 

mechanical properties: 

El B El Wa El We 
Property Str Wa Str We El B Wa We 50 N 50 N 

Knit Example 1 182 123 69 50 20 22 

Str Wa: Mechanical Strength in the direction ofthe Warp (in N); calculated according to ISO 
standard 13 934-1 
Str We: Mechanical Strength in the direction ofthe We? (in N); calculated according to ISO 
standard 13 934-1; 
El B Wa: Elongation at break in the direction ofthe Warp (as %) calculated according to ISO 
standard 13 934-1; 
El B We: Elongation at break in the direction ofthe We? (as %) calculated according to ISO 
standard 13 934-1; 
El Wa 50 N: Elongation at 50 N in the direction ofthe Warp (as %) calculated according to 
ISO standard 13934-1; 
ElWe 50 N: Elongation at 50 N in the direction ofthe We? (as %) calculated according to ISO 
standard 13 934-1. 

Example 2 

Preparation of a Knit for the Support 

A knit is prepared in the same Way as in Example 1, in 
Which the multi?lament yarns of the spacer are replaced With 
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220 dtex mono?lament yarns of poly(lactic acid), With a 
diameter of approximately 150 um. 

FIG. 5 represents a scanning electron microscopy image of 
the spacer of such a knit, prepared With such mono?lament 
yarns. 

Such a knit has the following properties, measured as indi 
cated in the present application: 

Weight per surface area (g/m2): 104 
Pore siZe: 1.9 mm><1.4 mm 
Thickness: 3.3 mm 

Three-dimensional porosity: 97.5% 
TWo-dimensional porosity: 20% 
This knit is isoelastic. In particular, it has the folloWing 

mechanical properties: 

El B El Wa El We 
Property Str Wa Str We El B Wa We 50 N 50 N 

Knit Example 2 193 82 44 90 11 45 

Str Wa: Mechanical Strength in the direction ofthe Warp (in N); calculated according to ISO 
standard 13 934-1 
Str We: Mechanical Strength in the direction ofthe Welt (in N); calculated according to ISO 
standard 13 934- 1; 
El B Wa: Elongation at break in the direction ofthe Warp (as %) calculated according to ISO 
standard 13 934- 1; 
El B We: Elongation at break in the direction ofthe Weft (as %) calculated according to ISO 
standard 13 934- 1; 
El Wa 50 N: Elongation at 50 N in the direction ofthe Warp (as %) calculated according to 
ISO standard 13934-1; 
ElWe 50 N: Elongation at50 N in the direction ofthe Welt (as %) calculated according to ISO 
standard 13 934- 1. 

Example 3 

Preparation of a Knit for the Support 

A three-dimensional knit is prepared on a double needlebar 
Raschel knitting machine, With 6 guide bars. Each of the faces 
of the knit, i.e. the ?rst face and the second face, is prepared 
With tWo guide bars. With reference to FIG. 2, the ?rst face is 
prepared With bars B1 and B2, and the second, opposite, face 
is prepared With bars B5 and B6, each bar being threaded one 
full, one empty, With the folloWing respective charts: 

Bar B1: 1-0-1-1/1-2-2-2/2-3-2-2/2-1-1-1//. 
Bar B2: 2-3-2-2/2-1-1-1/1-0-1-1/1-2-2-2//. 
Bar B5: 2-2-2-1/1-1-1-0/1-1-1-2/2-2-2-3//. 
Bar B6: 1-1-1-2/2-2-2-3/2-2-2-1/1-1-1-0//. 
The pattern corresponding to bars 1, 2, 5 and 6 is repro 

duced in FIG. 2. Such threading and such a pattern result in 
porous faces. In this example, the gaps or pores on each face 
have the folloWing values: 

Width: approximately 1 to 1.3 mm 
Height: 1.1 to 1.4 mm. 
Bars B1-B2 and B5-B6 Which produce the ?rst and second 

faces of the knit are threaded With 83.3 dtex poly(lactic acid) 
multi?lament yarns. 

With reference to FIG. 2A, the spacer is prepared using 
bars B3 and B4, threaded one full, one empty, according to the 
folloWing respective charts: 

Bar B3: 0-1-0-1/0-0-0-0/0-0-0-0/0-0-0-0//. 
Bar B4: 0-0-0-0/0-0-0-0/0-1-0-1/0-0-0-0//. 
Alternatively, With reference to FIG. 2B, bars B3 and B4 

are threaded one full, one empty, according to the folloWing 
respective charts: 

Bar B3: 0-1-0-1/0-0-0-0/0-0-0-0/0-0-0-0//. 
Bar B4: 0-1-0-1/0-0-0-0/0-0-0-0/0-0-0-0//. 
The patterns used for the knitting are reproduced in FIGS. 

2A and 2B. Bars 3 and 4 are complementary. One of bars 3 
and 4, for example bar B3, is threaded With mono?lament 
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yarns, for example 220 dtex poly(lactic acid), so as to give 
thickness and resilience to the three-dimensional knit. The 
other bar, for example bar B4, is threaded With multi?lament 
yarns, for example 83.3 dtex poly(lactic acid), so as to give 
greater opacity betWeen the faces: this opacity is due to the 
opening of the strands or ?laments of the multi?lament yarns 
in the spacer Which creates a considerable visual ?lling coef 
?cient. 

Bars B3 and B4 can have an identical displacement and 
mesh at the same time, as represented in FIG. 2A, or, on the 
contrary, mesh shifted according to an alternative displace 
ment as shoWn in FIG. 2B. 
The knit is cleaned With methanol-ether and is steriliZed by 

gamma-irradiation. 
The knit is thermoset by placing it in an oven at approxi 

mately 900 C. for 1 to 5 min. 

Example 4 

Coating of the Knits of Examples 1 to 3 

The knit obtained in Example 1, 2 or 3 is coated in a 
solution of porcine collagen at 0.8 W/v, by soaking it in the 
solution, spin-drying it and leaving it to dry under a laminar 
How. This cycle of processes is repeated up to tWo times in 
order to obtain covering of the yarns. 
The collagen used is porcine collagen type I, extracted 

from porcine dermis by solubiliZation at acidic pH or by 
digestion With pepsin, and puri?ed by saline precipitations 
according to knoWn techniques. 
Dry collagen ?bres obtained by precipitation of an acid 

solution of collagen by adding NaCl, and then Washing and 
drying of the precipitate obtained With aqueous solutions of 
acetone having an increasing concentration of 80% to 100%, 
may be used. 
At the end of the coating, the collagen deposited on the knit 

is crosslinked With glutaraldehyde at 0.5% W/v (aqueous 
solution of glutaraldehyde at 25%, W/v, sold by the company 
Fluka), at neutral pH (pH betWeen 6.5 and 7.5), for 2 hours, 
and is then reduced With sodium borohydride. The reagents 
used are removed by Washing the knit With several Water 
baths. 
The crosslinking of the collagen deposited on the knit can 

alternatively be carried out at the end of each coating cycle. 
FIG. 6 is a scanning electron microscopy image of the 

coated knit obtained in Example 1. 
Preparation of Glutaraldehyde-Crosslinked Collagen 
Porcine collagen is solubiliZed in Water at a ?nal concen 

tration of 1% W/v. 
The collagen used is porcine collagen type I, extracted 

from porcine dermis by solubiliZation at acidic pH or by 
digestion With pepsin, and puri?ed by saline precipitations 
according to knoWn techniques. 
Dry collagen ?bres obtained by precipitation of an acid 

solution of collagen by adding NaCl, and then Washing and 
drying the precipitate obtained With aqueous solutions of 
acetone having an increasing concentration of 80% to 100%, 
may be used. 
The solution of collagen at 1% W/v is then neutraliZed by 

adding sodium phosphate at a ?nal concentration of 20 mM. 
The ?nal pH of the suspension Was measured at betWeen 6.5 
and 7.5. 

Glutaraldehyde (aqueous solution of glutaraldehyde at 
25%, W/v, sold by the company Fluka) is then added to the 
suspension at a ?nal concentration of 0.5% W/v. After tWo 
hours at ambient temperature, collagen ?bres are recovered 
by ?ltration of the suspension through a nylon mesh. These 
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?bres are then treated With sodium borohydride for at least 
tWo hours until the yellow coloration of the ?bres has com 
pletely disappeared. The White ?bres thus obtained are 
Washed and neutraliZed at pH 6.5-7.5, and dried by removing 
the Water With acetone. The acetone residues are then evapo 
rated off. 

Preparation of Oxidized Collagen 
A solution of porcine collagen at 3% W/v is oxidiZed With 

periodic acid at a ?nal concentration of 8 mM, at ambient 
temperature, according to Example 4 of US. Pat. No. 6,596, 
304. 

Preparation of the Support: 
A suspension of collagen is prepared by mixing the glut 

araldehyde-crosslinked collagen and the oxidiZed collagen 
obtained above, at the folloWing concentrations: 

0.5 to 1.5% W/v of glutaraldehyde-crosslinked collagen, 
0.2 to 1% W/v of oxidiZed collagen. 
The collagen suspension thus obtained is then poured over 

the three-dimensional knit above so as to completely cover it 
and the Whole is lyophiliZed according to the folloWing 
method: freezing is carried out as rapidly as possible, by 
decreasing the temperature of the product from 80 C. to —45° 
C., generally in less than 2 hours. Primary desiccation is 
initiated at —45° C., at a pressure of from 0.1 to 0.5 mbar. 
During this step, the temperature is gradually increased, With 
successive slopes and plateaux, to +300 C. The lyophiliZation 
ends With secondary desiccation, at +300 C., for 1 to 24 hours. 
In embodiments, the vacuum at the end of secondary desic 
cation is betWeen 0.005 and 0.2 mbar. The total lyophiliZation 
time is from 18 to 72 hours. 
A support in Which all the pores, i.e. those formed With the 

sponge and those of the three-dimensional knit, are at least 
partially interconnected, is obtained. Such interconnectivity 
is visible in the attached ?gures in Which: 

FIG. 7 is a rear vieW of a scanning electron microscopy 
image of the support obtained in the present example, With the 
three-dimensional knit ?lled With the collagen sponge matrix, 

FIG. 8 is a rear vieW, at a higher magni?cation, of a scan 
ning electron microscopy image of the support obtained in the 
present example, With the three-dimensional knit ?lled With 
the collagen sponge matrix. 

Application of a Film to One Face of the Support: 
The support obtained above is subsequently coated With an 

oxidiZed collagen ?lm as described in Example 2 of US. Pat. 
No. 6,391,939. 
A concentrated sterile solution of PEG 4000 (polyethylene 

glycol having a molecular Weight of 4000 D, for example sold 
by the company Fluka under the trade name PEG 4000) and 
glycerol is added to a solution of oxidiZed collagen (obtained 
by oxidation of porcine collagen) at 3% W/v, so as to obtain a 
?nal composition having a PEG 4000 concentration of 1% 
W/v and a glycerol concentration of 0.6% W/v. The pH of the 
solution is adjusted to 7.0 by adding a concentrated solution 
of sodium hydroxide. The volume of the solution is then 
adjusted With sterile Water so as to obtain ?nal concentrations 
of collagen, of PEG 4000 and of glycerol of2.7% W/v, 0.9% 
W/v and 0.54% W/v, respectively. The solution is then spread 
out so as to form a thin sheet With a density of 0.133 g/cm2 on 
a ?at hydrophobic structure of polyvinyl chloride or polysty 
rene type. The surface is then exposed to a stream of sterile air 
at ambient temperature for just under one hour. The support 
obtained above is then applied carefully to the gelled sheet of 
oxidiZed collagen above. The Whole is exposed to a stream of 
sterile air at ambient temperature until complete evaporation 
in about 18 hours. 

FIG. 9 is a vieW of a scanning electron microscopy image 
of the support described above, coated With the collagen ?lm. 
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Example 5 

Preparation of Supports for Cell Culture Assays and 
Preparation of Supports for Tissue Engineering 

The knit in Example 1, in the form of pieces of 125x175 
cm, is coated With a solution of oxidiZed porcine collagen at 
0.8% W/v, by soaking it in the solution, spin-drying it and 
leaving it to dry under a laminar How. This cycle of processes 
is repeated tWice so as to obtain coating of the yarns. Pieces of 
coated knit, measuring 12.5><17.5 cm, are thus obtained. 
A collagen suspension is prepared by mixing glutaralde 

hyde-crosslinked collagen and oxidiZed collagen so as to 
obtain the ?nal concentration of each of the collagens of 5 g 
per litre: 

5 g/l of glutaraldehyde-crosslinked collagen, on a dry 
Weight basis, 

5 g/l of oxidiZed collagen, on a dry Weight basis. 
The collagen suspension thus obtained is adjusted to pH 

4.0 With dilute sodium hydroxide. It is then poured over the 
pieces of coated knit, measuring 12.5><17.5 cm, obtained 
above, so as to just be ?ush With the upper face, and the Whole 
is lyophiliZed according to the folloWing method: freeZing is 
carried out as rapidly as possible, by decreasing the tempera 
ture ofthe product from +8o C. to —45° C. in less than 2 hours. 
Primary desiccation is initiated at —45° C., at a pressure of 
from 0.2 mbar. During this step, the temperature is gradually 
increased, With successive slopes and plateaux, to up to +300 
C. The lyophiliZation ends With secondary desiccation, at 
+300 C. The total lyophiliZation time is one day. 
A support according to the present disclosure is obtained, 

Which can be cut up into discs 15 mm in diameter for the cell 
culture trials, or in the form of pieces measuring 5><7 cm2 for 
the tissue engineering trials. These discs or pieces are steril 
iZed by gamma-irradiation, at the minimum dose of 25 KGy. 

Examples 6 to 10 Which folloW describe the seeding and 
the culturing of cells, carried out on supports according to the 
present disclosure as obtained in the present example. 
The analytical techniques used in Examples 6 to 10 are 

described hereinafter: 
Labelling of Cell Nuclei 
The cells cultured on the supports according to the present 

disclosure are ?xed for 20 minutes in a solution containing 
4% of formaldehyde and 2% of sucrose. After rinsing for 5 
minutes in PBS (phosphate buffered solution: 0.726 g/l 
Na2HPO4.7H2O, 9 g/l NaCl, 0.21 g/l KH2PO4 [PBS Gibco, 
lnvitrogen ref 20012-019]), the cell nuclei are labelled With 
Hoechst reagent (0.06% v/v in PBS buffer, molecular probes 
H3570). After tWo cycles of rinsing in PBS, the cells are 
observed under a confocal microscope using FITC ([09 shift 
free ?lter set, Zeiss ref 488009])/Rhodamine ([14 shift free 
?lter set, Zeiss ref 488014])/DAPI ([02 shift free ?lter set, 
Zeiss ref 488002]) ?lters. 

Viability Assay: “Live and Dead” Test 
The viability of the cells cultured on the supports according 

to the present disclosure is veri?ed by means of a “live and 
dead” assay ([molecular probes Ref L3224]), generally When 
the cells reach con?uence/subcon?uence. The seeded cells 
are rinsed tWice With PBS buffer. The cells are labelled With 
2 ml of PBS buffer containing Calcein AM 0.01% v/v, 
ethidium bromide 0.025% v/v and Hoechst reagent 0.03% v/v 
(counter-staining of nuclei [molecular probes Ref H3570]), 
for 30 minutes at +370 C. in an incubator. After tWo rinses 
With PBS, the supports are observed under a confocal micro 
scope, using FlTC/rhodamine/DAPI ?lters. Viability of the 
cells is expressed through a green colour, their morbidity 
through a red colour and their nuclei appear blue. 
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lmmunolabelling 
The phenotype of the cells is monitored by means of an 

immunolabelling assay. The cells cultured on the supports 
according to the present disclosure are ?xed for 20 minutes 
With an aqueous solution containing 4% of formaldehyde and 
2% of sucrose. After rinsing for 5 minutes in PBS buffer, the 
cells are treated With PBS buffer containing 0.5% of TWeen 
20, and then rinsed in PBS buffer and incubated in a rabbit 
serum. Without any other rinsing, the cells are labelled 
according to a procedure including tWo steps: ?rst, contact 
With a primary antibody speci?c for SMCs (clone 1A4 mouse 
antihuman monoclonal antibody [Dako cytomation Ref 
M0851]) or urothelial cells, and a common secondary anti 
body ([Dako cytomation Ref E0464]). The visualisation is 
carried out With the ABC-AP Vectastin kit ([Vector Labora 
tory Ref AK 5000 series]) for 20 minutes. The nuclei are 
counterstained With Hoechst reagent and the immunolabelled 
cells are observed under a confocal microscope. 

Example 6 

Culture of Supports With Porcine Bladder Smooth 
Muscle Cells (SMCs) 

1) Protocol for Extraction of Smooth Muscle Cells (SMCs) 
from Fresh Porcine Bladders 

The porcine bladders are received fresh and conserved in 
sterile PBS buffer. The samples are taken Within 24 h. 
The bladders are opened up along their length using a 

sterile scalpel, and then spread out on a sterile blister dressing, 
With the muscle face upWards. 
A sheet of peritoneal cells is removed, allowing free access 

to the muscle sheet. 
The muscle tissue is separated from the adipose base, and 

then chopped up With a scalpel in a sterile petri dish. 
The tissues thus recovered are placed in a sterile 50 ml 

centrifuge tube ?lled With collagenase la at 1 mg/ml (colla 
genase type I [lnvitrogen Ref 17100-017]), and then left to 
incubate at 370 C. for 40 min on a roller mixer. 

The tubes are centrifuged at 600 rpm for 5 min, at ambient 
temperature, and the supernatant is then draWn off and 
replaced With fresh complete culture medium (DMEM 
Glutamax [lnvitrogen ref 31966-021], 10% foetal calf serum 
[lnvitrogen ref 10270-106], 1% antibiotic [penicillin-strepto 
mycin solution stabiliZed/ Sigma, Ref P4458]). 

The tissues are mixed and a feW drops of medium contain 
ing the cell suspension are placed at the bottom of a petri dish, 
scari?ed beforehand in order to increase tissue attachment. 
The tissues thus adherent are left to incubate at 370 C. for 30 
min in an air/CO2 incubator. 

The petri dish is then made up to 10 ml With complete 
medium (DMEM Glutamax [lnvitrogen ref 3 1 966-02 1], 10% 
foetal calf serum [lnvitrogen ref 10270-106], 1% antibiotic 
[penicillin-streptomycin solution stabiliZed/ Sigma, Ref 
P4458]), the cells are then left to incubate in an air/CO2 
incubator and the media are changed every 48 hours. 

The cells thus obtained are froZen at —800 C. in a proportion 
of 106 cells/ml of complete DMEM medium, in 1 ml aliquots 
(DMEM Glutamax [lnvitrogen ref 31966-021], 10% foetal 
calf serum [lnvitrogen ref 10270-106], 5% dimethyl sulphox 
ide (DMSO, [Sigma Ref 8418])). 

2) Cell Culture Before Seeding of the Support 
The cell cultures of the cells obtained in point 1) are carried 

out by taking an appropriate medium in 25 or 75 cm2 cell 
culture ?asks. 

Thus, these smooth muscle cells (SMCs) are cultured in 
DMEM medium (DMEM Glutamax medium [lnvitro gen ref 
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31966-021]) supplemented With 10% of foetal calf serum 
(lnvitrogen ref 10270-106) and 1% antibiotics (penicillin 
streptomycin solution stabiliZed [Sigma, Ref P4458]), in 
uncoated ?asks. 

3) Cell Culture Method 
The cells are thaWed for 3 min at +370 C. The 1 ml aliquot 

of solution mentioned above, containing the cells, is mixed 
With 10 ml of the appropriate medium (DMEM Glutamax 
[lnvitrogen ref 31966-021], 10% foetal calf serum [lnvitro 
gen ref 10270-106], 1% antibiotics [penicillin-streptomycin 
solution stabiliZed/ Sigma, Ref P4458]) and centrifuged for 5 
minutes at 1500 rpm, in order to remove the DMSO (DMSO, 
[Sigma Ref 8418]). The supernatant is removed and the cells 
are suspended in 10 ml of complete DMEM medium (DMEM 
Glutamax [lnvitrogen ref 3 1 966-021], 10% foetal calf serum 
[lnvitrogen ref 10270-106], 1% antibiotics [penicillin-strep 
tomycin solution stabilized/Sigma, Ref P4458]) and seeded 
into a 25 cm2 cell culture ?ask. 
The complete DMEM medium is replaced every 2-3 days 

With a fresh medium (10 ml). 
At con?uence, the cells are rinsed tWice With a solution of 

PBS (phosphate buffered solution: 0.726 g/l Na2HPO4.7H2O, 
9 g/l NaCl, 0.21 g/l KHZPO4 [PBS Gibco, lnvitrogen ref 
20012-019]) and detached With trypsin, (lnvitrogen ref 
15090-046) for 3 minutes for the SMCs. The cells collected 
are suspended in a fresh complete DMEM medium, and cen 
trifuged at 1500 rpm for 5 minutes. The supernatant is 
removed, and the cells are suspended in fresh complete 
DMEM medium and distributed into three culture ?asks. 
The cells are monitored by optical microscopy. The cell 

viability is veri?ed by means of a “live and dead” assay (as 
described in Example 5) under a confocal microscope and the 
conservation of the cell phenotype is veri?ed by means of 
immunochemical assays (as described in Example 5), after 
?xing and by confocal micrscopy. 

4) Seeding of the Supports 
The supports according to the present disclosure, in the 

form of the discs obtained in Example 5, are rinsed tWice in 
the PBS buffer (phosphate buffered solution: 0.726 g/l 
Na2HPO4.7H2O, 9 g/l NaCl, 0.21 g/l KH2PO4, [PBS Gibco, 
lnvitrogen ref 20012-019]) at +370 C., in an incubator With 
5% CO2, for one hour. The cells are seeded into the supports, 
at a rate of 100 000 cells/support 15 mm in diameter. 

After they have been seeded, the supports are placed in an 
incubator for 30 minutes at +370 C. in order to facilitate the 
adhesion of the cells. 1 ml of the appropriate culture medium 
(DMEM Glutamax [lnvitrogen ref 31966-021], 10% foetal 
calf serum [lnvitrogen ref 10270-106], 1% antibiotics [peni 
cillin-streptomycin solution stabilized/Sigma, Ref P4458] is 
then added to each support, before leaving them in the incu 
bator at +370 C. 

Over the course of the incubation, the complete DMEM 
medium is reneWed every tWo days With fresh complete 
DMEM medium. 

5) Culturing of the Seeded Supports 
The SMCs, seeded onto the supports according to the 

present disclosure as described in point 4) above, are incu 
bated at +370 C. for 1 hour and 4, 8 and 15 days, With the 
medium being changed every tWo days. 

Before they are observed, the cells are ?xed in formalde 
hyde for 20 minutes and stained With EBH (ethidium bromide 
ethidium (0.025% v/v ethidium bromide ([molecular probes 
Ref L3 224]) their nuclei being counterstained With 0.03% v/v 
Hoechst reagent ([molecular probes Ref H3570]), as 
described in Example 5. 

Veri?cation of the conservation of the SMC phenotype by 
labelling of alpha-actin ((clone 1A4 mouse antihuman mono 
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clonal antibody [Dako cytomation Ref M0851]) and second 
ary antibody ([Dako cytomation Ref E0464), visualisations 
carried out With the ABC-AP Vectastain kit ([Vector Labora 
tory Ref AK 5000 series])) is carried out during the exponen 
tial proliferation phase, as described in Example 5, before 
con?uence is reached. 

It is veri?ed, under the microscope, that the SMCs shoW 
good adhesion and a satisfactory proliferation rate on the 
supports according to the present disclosure. Three-dimen 
sional colonisation of the supports is observed from the 4th 
day of incubation onWards. After 15 days of culture, the 
SMCs appear to be almost con?uent on the supports accord 
ing to the present disclosure. The SMCs have clearly spread 
out and proliferated on the yarns of the knit and in the open 
pores of the supports. 

Conservation of the phenotype is con?rmed after 8 days of 
culture by virtue of the fact that the cytoplasm of the SMCs is 
red in colour, following alpha-actin labelling of the SMCs. 
Thus, the physiochemical properties of the collagen sponge 
matrix of the supports according to the present disclosure has 
no effect on the phenotype of the SMCs. 

Example 7 

Culturing of Supports With Porcine Bladder 
Urothelial Cells 

1) Protocol for Extraction of Urothelial Cells from Fresh 
Porcine Bladders 

The bladders are received fresh and conserved in sterile 
PBS buffer. The samples are taken Within 24 h. 

The bladders are opened up along their length using a 
sterile scalpel and then spread out on a sterile blister, With the 
bladder lumen upWards. The urothelium (the ?rst cell sheets) 
is removed using sterile forceps and scissors, and then 
chopped up With a scalpel in a sterile petri dish. The tissues 
thus recovered are placed in a sterile 50 ml centrifuge tube 
?lled With collagenase la at 1 mg/ml, and then left to incubate 
at 370 C. for 40 min on a roller mixer. 

The tubes are centrifuged at 600 rpm for 5 min, at ambient 
temperature, and then the supernatant is draWn up and 
replaced With fresh complete culture medium (medium for 
keratinocyte-SFM, groWth factor-supplemented: de?ned 
keratinocyte medium [Gibco lnvitrogen, ref 10784-015], 
de?ned keratinocyte-SFM [Gibco lnvitrogen, ref 10785 
012]). 

The tissues are mixed and a feW drops of medium contain 
ing the cell suspension are placed on the bottom of a petri 
dish, scari?ed beforehand in order to increase tissue attach 
ment and coated With porcine collagen at 0.2%. The tissues 
thus adherent are left to incubate at 370 C. for 30 min in an 
air/CO2 incubator. 

The petri dish containing the adherent tissues is then made 
up With 10 ml of complete medium (medium for keratinocyte 
SFM, groWth factor-supplemented: de?ned keratinocyte 
medium [Gibco lnvitrogen, ref 10784-015], de?ned kerati 
nocyte-SFM [Gibco lnvitrogen, ref 10785-012]) and the cells 
are then left to incubate in an air/CO2 incubator and the media 
are changed every 48 hours. 

The cells thus obtained are froZen at —800 C. at a rate of 106 
cells/ml of complete medium (medium for keratinocyte 
SFM, groWth factor-supplemented: de?ned keratinocyte 
medium [Gibco lnvitrogen, ref 10784-015], de?ned kerati 
nocyte-SFM [Gibco lnvitrogen, ref 10785-012]), in 1 ml ali 
quots. 
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2) Cell Culture Before Seeding of hte Supports 
The cell cultures are prepared by taking an appropriate 

medium in 25 or 75 cm2 cell culture ?asks. 
The urothelial cells obtained in point 1) of the present 

example are cultured in de?ned medium for keratinocytes 
(de?ned keratinocyte medium [Gibco lnvitrogen, ref 10784 
015], de?ned Keratinocyte-SFM [Gibco lnvitrogen, ref 
10785-012]), in ?asks coated With 0.15% of oxidiZed porcine 
collagen type I. 

3) Cell Culture Method 
The cells obtained in point 1) of the present example are 

thaWed for 3 min at +370 C. The 1 ml solution of medium 
(de?ned keratinocyte medium [Gibco lnvitrogen, ref 10784 
015], de?ned keratinocyte-SFM [Gibco lnvitrogen, ref 
10785-012]) containing the cells is mixed With 10 ml of an 
appropriate medium and centrifuged for 5 minutes at 1500 
rpm, in order to remove the DMSO. The supernatant is 
removed and the cells are suspended in 10 ml of medium and 
seeded into a 25 cm2 cell culture ?ask. 
The medium is replaced every 2-3 days With a fresh 

medium (10 ml). 
At con?uence, the cells are rinsed tWice With a solution of 

PBS and detached With trypsin (lnvitrogen ref 15090-046) for 
10 minutes. The cells collected are suspended in fresh 
medium containing 10% of foetal calf serum, and centrifuged 
at 1500 rpm for 5 minutes. The supernatant is removed, and 
the cells are suspended in a fresh medium and distributed into 
three culture ?asks. 
The cells are monitored by optical microscopy. The viabil 

ity of the cells is veri?ed by means of a “live and dead” assay 
under a confocal microscope and the conservation of the 
phenotype of the cells is veri?ed by means of immunochemi 
cal assays, after ?xing and by confocal microscopy, as 
described in Example 5. 

4) Seeding of the Supports 
The supports according to the present disclosure, in the 

form of the discs obtained in Example 5, are rinsed tWice in 
the PBS buffer (phosphate buffered solution: 0.726 g/l 
Na2HPO4.7H2O, 9 g/l NaCl, 0.21 g/l KH2PO4, [PBS Gibco, 
lnvitrogen ref 20012-019]) at +370 C., in an incubator With 
5% CO2, for one hour. The cells are seeded into the supports, 
at a rate of 100 000 cells/support 15 mm in diameter. 

After they have been seeded, the supports are placed in an 
incubator at 370 C. for 30 minutes in order to facilitate adhe 
sion of the cells. 1 ml of the appropriate culture medium is 
then added to each support, before leaving them in the incu 
bator at +370 C. 

Over the course of the incubation, the medium is reneWed 
every tWo or three days With an appropriate fresh complete 
medium (de?ned keratinocyte medium [Gibco lnvitro gen, ref 
10784-015], de?ned keratinocyte-SFM [Gibco lnvitrogen, 
ref 10785-012]). 

5) Culturing of the Seeded Supports 
The urothelial cells, seeded onto the supports according to 

the present disclosure as described in point 4) of the present 
example, are incubated at +370 C. for 1 hour and 5 and 7 days, 
With the medium being changed every tWo days. 

Before they are observed, the cells are ?xed in formalde 
hyde for 20 minutes and stained With EBH, their nucleus 
being counterstained With Hoechst reagent (as described in 
Example 5). Observation under a confocal microscope is then 
carried out. 

After proliferation for ?ve days, the urothelial cells are 
immunolabelled With anti-pancytokeratin antibodies, their 
nuclei being counterstained With Hoechst reagent. 

It is veri?ed, under the microscope, that the urothelial cells 
shoW quite good adhesion after one hour, on the supports 
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according to the present disclosure. The urothelial cells 
seeded into the supports according to the present disclosure 
form morphological arrangements in clusters and adopt pen 
tagonal shapes characteristic of the urothelium (Southgate et 
al., Laboratory Investigation, 1994). 

After ?ve days of culture, the positive immunolabelling of 
the urothelial cells With the anti-pancytokeratin antibodies 
indicates that the phenotype of the cells has been conserved. 

Example 8 

Culturing of Supports With Stem Cells, 
Mesenchymal Cells, Extracted from Porcine Bone 

MarroW 

1) Extraction of Stem Cells from Bone MarroW 
Ten ml of fresh porcine bone marroW are received. The 

samples are taken Within 24 h. 
Ten ml of porcine bone marroW are diluted at a 1:2 ratio in 

sterile PBS buffer. 
Five ml of diluted bone marroW are mixed carefully With 3 

ml of histopaque ([Sigma Ref H8889]) in sterile centrifuge 
tubes, and then centrifuged at 2000 rpm for 20 min at 200 C. 
With the brake released. The purpose of this is to separate the 
mononuclear cells from the rest of the bone marroW constitu 
ents. The releasing of the brake is an essential parameter. 

Three phases are obtained. The intermediate phase is 
removed and the media are made up to 20 ml With sterile 
PBS/EDTA buffer at 40 C. 

After centrifugation at 4500 rpm for 5 min at 200 C. and 
removal of the supernatant, the cells are resuspended in 
DMEM medium (DMEM Glutamax [lnvitrogen ref 31966 
021]) at a concentration of 2><106 cells/ml. 

3 ml of cell suspension thus obtained are seeded into a petri 
dish and the Whole is left to incubate for 12 hours in an 
air/CO2 incubator. 

The supernatant containing the non-adherent cells is 
removed and replaced With complete medium, Without anti 
biotics (DMEM Glutamax [lnvitrogen ref 31966-021], 10% 
foetal calf serum [lnvitrogen ref 10270-106]) and the cells are 
left to proliferate to con?uence, With the media being changed 
every 48 hours. 

2) Culturing of the Supports With Stem Cells, Mesenchy 
mal Cells, Extracted from Porcine Bone MarroW 

The stem cells extracted from porcine bone marroW 
according to point 1) of the present example are cultured in 
DMEM supplemented With 10% foetal calf serum and anti 
biotics (5% of penicillin-streptomycin antibiotics) (DMEM 
Glutamax [lnvitrogen ref 31966-021], 10% foetal calf serum 
[lnvitrogen ref 10270-106], 1% antibiotics [penicillin-strep 
tomycin solution stabiliZed/ Sigma, Ref P4458]). This culture 
medium, Which is free of groWth factors, alloWs the cells to 
proliferate and also to be maintained in an undifferentiated 
state. They adopt an SMC-type morphology When they are 
undifferentiated and are in the proliferation phase. 

The stem cells are then seeded, at a rate of 100 000 or 200 
000 cells per support 14 mm in diameter as obtained in 
Example 5. The cells are incubated at +370 C. for 4 days, With 
the medium being changed every tWo days. 

Before they Were observed, the cells Were ?xed in formal 
dehyde for 20 minutes and then stained With EBH, their 
nucleus being counterstained With Hoechst reagent, as 
described in Example 5. The stem cells Were observed under 
a confocal microscope. 

It is veri?ed under the microscope that the stem cells pro 
liferate correctly in the supports according to the present 
disclosure. 
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In order to be sure that the stem cells still have a differen 

tiation potential, these cells Were converted to mature cells of 
osteoblast type. 
The stem cells are left to proliferate for 7 days, in the SMC 

culture medium. The stem cells are then differentiated, by 
replacing the culture medium With a neW medium, DMEM 
enriched With 10% foetal calf serum, 100 mM of ascorbate 
2-phosphate, 100 nM (nanomolar) of dexamethasone and 10 
mM of [3-glycerophosphate. The medium is reneWed every 
tWo days and the cells are incubated for 4 Weeks in order for 
them to become completely differentiated. 

After 4 Weeks of incubation, the cells are immunolabelled 
With markers speci?c for mature osteoblasts (osteocalcin, 
Cbfa1, collagen type I) and are observed under a confocal 
microscope. 

It is veri?ed under the microscope that the cells seeded into 
the supports according to the present disclosure are very 
strongly labelled for collagen type I and Cbfa1 and, to a lesser 
extent, for osteocalcin. The cells are correctly differentiated 
into mature osteoblasts, throughout the thickness of the sup 
ports according to the present disclosure. They have kept the 
differentiation potential. 

Example 9 

Culturing of SMCs in Supports Measuring 5><7 cm2 
for Tissue Engineering/Long Culture Time 

Rectangular samples, measuring 5><7 cm2, of the support 
according to the present disclosure obtained in Example 5 are 
inserted into sterile petri dishes 12 cm in diameter, and then 
immersed in 20 ml of sterile PBS buffer and left to incubate 
overnight in an air/CO2 incubator. 
The SMCs are cultured in complete DMEM medium 

(DMEM Glutamax [lnvitrogen ref 31966-021], 10% foetal 
calf serum [lnvitrogen ref 10270-106], 1% antibiotics [peni 
cillin-streptomycin solution stabiliZed/ Sigma, Ref P4458]). 

After removal of the culture medium, the cells cultured in 
T75 culture ?asks are rinsed With PBS buffer (phosphate 
buffered solution: 0.726 g/l Na2HPO4.7H2O, 9 g/l NaCl, 0.21 
g/l KH2PO4, [PBS Gibco, lnvitrogen ref 20012-019]), and 
then detached using 5 ml of trypsin ([lnvitrogen ref 15090 
046]) by incubation for 3 min in an air/CO2 incubator. The 
cells thus detached are mixed With 15 ml of complete 
medium, and tWo samples of 20 pl are taken therefrom in 
order to count the cells, before they are centrifuged for 5 min 
at 4500 rpm. 
The supernatant is removed and the cells are resuspended 

in fresh complete medium at a concentration of 4><105 cells/ 
ml. 

After rinsing of the samples, the cells are seeded onto the 
collagen sponge part of the support according to the present 
disclosure at a rate of 2x 1 06 cells concentrated in 5 ml, depos 
ited carefully onto the entire support. After one hour of adhe 
sion in an air/CO2 incubator, the medium is made up With 20 
ml of fresh complete medium. 

The Whole is left to incubate in an air/CO2 incubator and 
the media are changed every 48 hours for the ?rst 7 days and 
then every 24 hours on the folloWing days, until the support 
according to the present disclosure is used as an implant. 

After 4 days of proliferation, a “live and dead” assay is 
carried out on the supports in order to verify the cell viability. 

After 8 and 15 days of proliferation, a veri?cation of the 
phenotype is carried out by means of immunochemical label 
ling ((clone 1A4 mouse antihuman monoclonal antibody 
[Dako cytomation Ref M085 1]), secondary antibody ([Dako 
cytomation Ref E0464]), visualisation carried out With the 
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ABC-AP Vectastain kit ([Vector Laboratory Ref AK 5000 
series]), in situ, of the cells as described in Example 5. 

Example 10 

Culturing of SMCs in Supports Measuring 5><7 cm2 
for Tissue Engineering/ Short Culture Time 

Rectangular samples, measuring 5><7 cm2, of the support 
according to the present disclosure obtained in Example 5 are 
inserted into sterile petri dishes 12 cm in diameter, and then 
immersed in 20 ml of sterile PBS buffer (phosphate buffered 
solution: 0.726 g/l Na2HPO4.7H2O, 9 g/l NaCl, 0.21 g/l 
KH2PO4, [PBS Gibco, lnvitrogen ref 2001 2-01 9]), and left to 
incubate overnight in an air/CO2 incubator. 

The smooth muscle cells (SMCs) are cultured in complete 
DMEM medium (DMEM Glutamax [lnvitrogen ref 31966 
021], 10% foetal calf serum [lnvitrogen ref 10270-106], 1% 
antibiotics [penicillin-streptomycin solution stabiliZed 
[Sigma Ref P4458]). 

After removal of the culture medium, the cells cultured in 
T75 culture ?asks are rinsed With PBS buffer and then 
detached using 5 ml of trypsin ([lnvitrogen Ref 15090-046]) 
by incubation for 3 min in an air/CO2 incubator. The cells thus 
detached are mixed With 15 ml of complete medium, and tWo 
samples of 20 pl are taken therefrom in order to count the 
cells, before they are centrifuged for 5 min at 4500 rpm. 

The supernatant is removed and the cells are resuspended 
in fresh medium at a concentration of 2><106 cells/ml. 

After rinsing of the samples, the cells are seeded onto the 
collagen sponge part of the supports according to the present 
disclosure at a rate of 107 cells concentrated in 5 ml of com 
plete DMEM medium, deposited carefully onto the entire 
support. After 1 hour of adhesion in an air/CO2 incubator, the 
medium is made up With 20 ml of fresh complete DMEM 
medium. 

The Whole is left to incubate in an air/CO2 incubator for 48 
hours before the supports thus cellulariZed are used as 
implants. 
A sample is used for the veri?cation tests and the immu 

nochemical labellings before the supports are used as 
implants. 

It Will be understood that various modi?cations may be 
made to the embodiments disclosed herein. Therefore, the 
above description should not be construed as limiting, but 
merely as exempli?cations of preferred embodiments. Those 
skilled in art Will envision other modi?cations Within the 
scope and spirit of the claims appended hereto. 
The invention claimed is: 
1. A cell culture or tissue engineering support comprising: 
(i) a porous matrix based on a collagen sponge Which 

de?nes ?rst pores, 
Wherein said collagen comprises a mixture of at least one 

collagen Which undergoes sloW bioresorption in vivo 
and at least one collagen Which undergoes rapid biore 
sorption in vivo; and 

(ii) a porous three-dimensional knit Which de?nes second 
pores; 

Wherein said porous matrix ?lls said three-dimensional 
knit and all the ?rst and second pores are interconnected 
With one another. 

2. A support according to claim 1, Wherein said porous 
matrix is bioresorbable. 

3. A support according to claim 1, Wherein said three 
dimensional knit is bioresorbable. 

4. A support according to claim 1, Wherein the collagen 
Which undergoes sloW bioresorption in vivo is selected from 
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26 
the group consisting of glutaraldehyde-crosslinked collagen, 
bifunctional or trifunctional glycidyl ethers, carbodiimides, 
acyl aZides and mixtures thereof. 

5. A support according to claim 1, Wherein the collagen 
Which undergoes rapid bioresorption in vivo is selected from 
the group consisting of oxidiZed collagen, glutaraldehyde 
crosslinked collagen, bifunctional or trifunctional glycidyl 
ethers, carbodiimides, acyl aZides, collagen crosslinked by 
UV irradiation or by heat treatment, and mixtures thereof. 

6. A support according to claim 1, Wherein the collagen 
forming said sponge is a mixture of oxidiZed collagen and 
glutaraldehyde-crosslinked collagen. 

7. A support according to claim 1, Wherein said three 
dimensional knit consists of mono?lament and/or multi?la 
ment yarns made of bioresorbable material Which has an in 
vivo degradation time ranging from approximately 3 months 
to 2 years. 

8. A support according to claim 7, Wherein said bioresorb 
able material is selected from the group consisting of poly 
(lactic acid) (PLA), poly(glycolic acid) (PGA), oxidiZed cel 
lulose, polycaprolactone (PCL), polydioxanone (PDO), 
trimethylene carbonate (TMC), polyvinyl alcohol (PVA), 
polyhydroxyalkanoates (PHAs), polyamides, polyethers, 
copolymers thereof and mixtures thereof. 

9. A support according to claim 7, Wherein at least a part of 
the yarns constituting said three-dimensional knit are coated 
With a bioresorbable coating. 

10. A support according to claim 9, Wherein said coating 
comprises collagen, chitosan, polysaccharides or mixtures 
thereof. 

11 . A support according to claim 9, Wherein said coating is 
made of collagen. 

12. A support according to claim 1, Wherein said second 
pores have an average diameter ranging from 1 to 5 mm. 

13. A support according to claim 1, Wherein said knit has a 
tWo-dimensional porosity of less than or equal to 20%. 

14. A support according to claim 1, Wherein said knit has a 
three-dimensional porosity of greater than or equal to 90%. 

15. A support according to claim 1, Wherein said three 
dimensional knit has a thickness ranging from approximately 
2 mm to 6 mm. 

16. A support according to claim 1, Wherein said three 
dimensional knit comprises a ?rst face and a second face, said 
?rst face and said second face being opposite and separated 
from one another by the thickness of said knit, said ?rst face 
and said second face being connected to one another by a 
spacer made of mono?lament yarns, multi?lament yarns or a 
combination of mono?lament yarns and multi?lament yarns. 

17. A support according to claim 16, Wherein said spacer is 
made of mono?lament yarns. 

18. A support according to claim 17, Wherein said 
mono?lament yarns Which make up said spacer consist of 
yarns made of material Which undergoes sloW bioresorption. 

19. A support according to claim 18, Wherein said 
mono?lament yarns Which make up said spacer are made of 
poly(lactic acid). 

20. A support according to claim 16, Wherein said ?rst and 
second faces of the knit are made of mono?lament yarns, 
multi?lament yarns or a combination of mono?lament and 
multi?lament yarns. 

21. A support according to claim 16, Wherein the mono?la 
ment or multi?lament yarns used to prepare the ?rst and 
second faces and the spacer of the three-dimensional knit are 
chosen from yarns made of material Which undergoes sloW 
bioresorption, yarns made of material Which undergoes rapid 
bioresorption, and mixtures thereof. 




